Objective: Acute kidney disease develops 16% -30% of patients with preoperative impaired renal functions. Our aim of this study was to compare postoperative renal outcomes using two open heart surgery techniques, on-pump beating heart (OPBH) and conventional on-pump (COP), in patients who have preoperative low glomerular filtration rate (eGFR) as an indicator of creatinine clearance. Methods: From 2004 to 2015, 341 patients with preoperative creatinine clearance were lower than 90 ml/min/1.73m 2 were selected for this study. On-Pump beating heart was performed in 111 patients (Group I). Conventional on-pump technique was used in 200 patients. In the remaining patients, we measured postoperative Tumor Necrosis Factor Alpha (TNF-alpha), cardiac troponin I (cTn-I), Brain natriuretic peptid (NT-Pro-BNP), creatinine (Cr), blood urea nitrogen (BUN) and postoperative eGFR daily until day four after surgery. Results: There were no differences in baseline levels of TNF-alpha, NT-Pro-BNP, BUN, cTn-I, Cr levels between the groups. Cardiopulmonary bypass (CPB) time were much longer and cumulative inotrope use was significantly higher in patients underwent COP (P < 0.05). Postoperative TNF-alpha and c-TnI was significantly higher in group II (P < 0.001). In group II, blood urea nitro- 
gen and creatinine levels were high significantly (P < 0.001). Three patients in Group
Introduction
In recent years, the on-pump beating heart coronary artery bypass grafting as an alternative technique has gained acceptance to provide harmful effects of classical CABG operations includes cross-clamping, cardioplegia and unloading the heart. This technical approach preserves both native coronary blood flow and cardiac output during surgery. A metaanalysis revealed that the better short-term outcomes and late survival rates following on-pump beating heart technique compared with conventional CABG.
However, a limited number of previous studies comparing the outcomes of ONBH and classical CABG techniques in a similar patient population. Therefore, we decided to compare the short-term outcomes after two different techniques in a matched population. The incidence of acute kidney disease (AKD) in the early postoperative period was 0.6% -5% in patients with normal preoperative renal function who had been subjected to cardiac surgery [1] [2] [3] [4] . Approximately 0.6% to 5% of those patients are required hemodialysis in the postoperative period [2] [3] . Age, aortic cross-clamp time, preoperative vasopressor use, visceral hypoperfusion, loss of pulsatile perfusion increases the peroperative AKD after cardiac surgery [1] [2] [3] . These patients have a very high early mortality rate of 25% compared with 1.5% to 2.2% in patients who do not require postoperative dialysis [2] [3] .
As ECC has pathophysiologic sequels, there has been a revival of interest in performing CABG on a beating heart off-pump method. To avoid subsequent myocardial ischemia-reperfusion injury due to ECC, off-pump CABG technique has been proposed to reduce postoperative complications, one of which is renal insufficiency [3] . However, it has been shown that there was no any clinical evidence for renal improvement after off-pump procedures in CABG patients. Previous comparative showed that a preoperative renal function was the main risk factor of AKD development after open heart surgery [5] . Also, the authors also showed that a higher circulating TNF-alpha Receptor-1 independently predicts the progression to a worse GFR and AKD in individuals.
Therefore, to investigate the relationships between plasma TNF-alpha, cTN-I and N-Terminal Pro-brain Natriuretic Peptide (NT-BNP) levels and postoperative renal outcome, we compared two CABG techniques in CABG patients with mild renal impairement.
Patients and Methods
From January 2004 through June 2014, 2856 patients underwent isolated CABG or CABG and concomitant mitral valve surgery. Ethical committee of local hospital (Medicalpark University School of Medicine) approved this study. The informed consents were signed by the patients. The demographycs of the patients have been summarised in Table 1 . At the discretion of the operating surgeon, myocardial revascularization (alone or concomitant mitral valve surgery) was performed on-pump beating heart in 378 patients. In the remaining patients, CABG was performed using an aortic cross clamping. Hospital outcomes and biochemical markers were compared after propensity-matched pairs of 111 OPBH (Group 1) and 96 COP (Group 2) patients. Two groups were similar in age, left ventricular ejection fraction (LVEF), extent of coronary artery disease (CAD), carotid artery disease, and chronic obstructive pulmonary disease. Both groups were also similar preoperative New York Heart Association (NYHA) class and EuroScore (P > 0.05). The mean level of preoperative creatinine level was 1.7 ± 0.6 and 1.8 ± 0.8 mgr/dL in Group I and II, respectively (P > 0.05). In all patients, eGFR was calculated using an automated mathematic formula. e-GFR values were measured as 57 ± 5.0 in Group 1 and as 54 ± 4.4 mL/min. in Group 2. Exclusion criteria were: older age (>75 years), emergent surgery, active infection, hepatic failure, the mean pulmonary artery pressure ≥35 mmHg, ejection fraction ≤45%, congestive heart failure, thyroid disorders, stroke history, and preoperative supraventricular arrhytmia. eGFR was calculated from the simplified Modification of Diet in Renal Disease study equation. AKD was classified according to the Risk, Injury, Failure, Loss of kidney function, and End-stage kidney disease (RIFLE) classification. In both groups, the patients have preoperative stage I kidney disease (Creatinine level ≥1.5 mg/dL or 50% increase after surgery). According to the postoperative creatinine levels, the patients have been classified in stage 1, 2 and 3 AKD in both groups. Fluid balance has been provided according to the consultant nephrologist. Blood samples were given from venous line for cTn-I, NT-ProBNP, and TNF-alpha release in both groups. Preoperative cTN-I, NT-ProBNP, and TNF-alpha were recorded in both groups (T0). The first blood samples were collected at the end of first day in the ICU (T1). The second blood samples were collected in the postoperative second day (T2).
After then, postoperative blood samples for measuring were given postoperative 3 (T3) and 4 day (T4).
Surgical Technique
All operations were performed through a midline sternotomy. Internal thoracic artery and saphenous vein were harvested and prepared. Standard aortic and single venous cannulation was performed. There were no differences in ECC routine among the staff surgeons. Arterial flow was adjusted to 2.0 to 2.2 L/min/m −2 , and blood pressure was maintained between 60 -70 mmHg.
In Group I, operations were performed during on-pump beating heart method using an octopus and intracoronary shunt. Proxymal venous anastomosis were constructed first using a side clamp prior to starting of ECC. After then, CPB was instituted. Firstly, the left internal thoracic artery (LITA) was anastomosed to the left anterior descending artery. After then, distal anastomosis were constructed. In 26 CABG patients (23.4%), the mitral valve surgery (replacement or plasty) has been done during beating heart via left atrial approach. If the patients required inotropic(s), dopamine and/or noradrenaline was administered at a dose of 7.5 -10 µgr/kg/min. and 0.01 µgr/kg/min. The patients weaned from ECC, and were decannulated. Heparin was reversed using protamine. Aspirin or clopidogrel, as antiaggregants, was administered 24 hrs postoperatively.
In Group II, to provide cardiac arrest an antegrade and retrograde cold blood cardioplegia was administered after an aortic clamping. Retrograde cardioplegia was given every 15 -20 min. during the operation. Patients' temperatures were either kept warm or allowed to drift to 34˚C during CPB. Distal venous anastomoses were constructed first, after than LITA anastomosis was performed for LAD artery. Mitral valve surgery, replacement or plasty has been done via left atrial approach for 22 patients (22.9%).
The proximal anastomoses were completed using a side-clamp. If the patients required inotrop(s), dopamine and/or noradrenaline was administered prior to weaning from CPB. Heparin was reversed, and aspirin or clopidogrel was administered 24 hrs postoperatively.
Statistical Analyses
Data were analysed using automated SPSS software version 17.0 (SPSS, Chicago, IL).
Continuous variables were expressed as mean ± SD. The distribution of continuous variables was evaluated using the Kolmogorov-Smirnov test. Independent groups with normal distribution were compared with independent sample t-tests. The MannWhitney U test was used to determine the difference of variables in groups with non-normal distributions. Nominal data were compared with chi-square tests. The meanings of increments in the repeated measurements were evaluated with "General Linear Model-Repeated Measures". Paired sample t-test was employed for the comparison of the preoperative and postoperative variables in each group. P< 0.05 was considered statistically significant.
Results
To reduce the influence of selection on the comparison of outcome, we used propensi- Concentrations of the cTn-I masses were determined at these time points. The upper limit of normal as defined by our laboratory was 0.04 ng/ml for cTn-I. ECG criteria for perioperative myocardial infarction were new Q wave (0.04 ms) in at least two leads or ECG, ST changes in association with significant c-TnI release.
The mean preoperativel cTn-I value was normal. Immediately after surgery (T1) the mean cTn-I value was 1.09 ± 0.02 ng/ml and 1.22 ± 0.02 ng/ml in Group 1 and 2, respectively (P > 0.05). cTn-I level was calculated 3.43 ± 2.60 vs 1.49 ± 0.27 ng/ml in COP and OPBH group, respectively at postoperative day (POD) 2 (P < 0.001, Z = −5.210). 635.36 ± 462.61 pg/ml; and 756.97 ± 502.60 pg/ml. POD 2 (T2), 3 (T3) and 4 (T4).
Comparisons of Serum NT-pro BNP concentrations of all sampling times were statistically significant between the groups (P = 0.001) ( Table 3 ) (Figure 2 ).
Preoperative TNF-alpha levels were 2.20 ± 3.03 pg/ml and 2.94 ± 2.97 pg/ml, in Group 1 and 2, respectively (P > 0.05). In Group 1 and 2, at T(1), the mean value of Figure 1 . Shows that the changes of cTn-I blood levels including preoperative and postoperative time intervals. Figure 2 . Demonstrates the comparisons of serum NT-pro-brain natriuretic peptid concentrations of all intervals. In all periods NT-pro-brain natriuretic peptid are statistically significant between the groups in the postoperative periods.
TNF-alpha was 19.10 ± 5.15 pg/ml, and 27.1 ± 5.3 pg/ml, respectively (P = 0.001). In Group 1; at T(2), T(3), and T(4), TNF-alpha values were as follow: 24.17 ± 4.3, 33.26 ± 8.2, and 42.37 ± 13.6 pg/ml, respectively. In the same time, In Group 2, the mean levels of serum TNF-alpha concentrations were 25.11 ± 4.82 pg/ml in T(1) (P > 0.05). The level of TNF-alpha were as follows: 43.16 ± 14.1 pg/ml, 63.16 ± 11.7 pg/ml, and 60.07 ± 13.55 pg/ml. at 2, 3 and 4. POD. Comparisons of Serum TNF-alpha concentrations of the last three times were statistically significant between the groups (Table 4 ).
Blood urea nitrogen and serum creatinine levels were measured preoperatively during hospital stay, and postoperative Cr and BUN within postoperative 1 day were collected. All samples were analyzed immediately after surgery (T1). Also, serum electrolide concentration was measured every 4 h during the first 24 postoperative hours. ). Urine excretion during CPB and operation were more pronounced in the OPBH group than in subjects underwent COP (P = 0.002, and P = 0.04, respectively) ( Table 5 ). Fluid intake and urine excretion during the first 24 h after surgery were significant when compared both groups (2960 ± 1014 ml vs 1801 ± 675; P = 0.041). Daily furosemide doses and serum potassium levels Table 4 . Basal and postoperative blood tumor necrosis factor-alpha levels as pg/ml. for each time interval in Group I and II. Table 5 . Postoperative findings in three study groups. did not differ between the two groups. Three patients in Group I (2.7%), and 6 patients (6.2%) in Group II required renal replacement therapy after surgery (P < 0.001). Postoperative mean Cr and eGFR values are presented in Table 5 . Postoperative peak Cr and % serum Cr were significantly higher in Group 2 (P = 0.001, and P < 0.001, respectively). Furthermore, the incidence of ≥50% Cr was significantly higher in Group 2 when compared with Group 1 (48.9% vs 19.7%, P < 0.001). Postoperative minimum eGFR were significantly lower in group 2 than they were in the OPBH group (P = 0.002). Development of new CCr less than 50 ml/min postoperatively was significantly higher in group 2 compared with OPBH group (24% vs 58%; P < 0.001).
Discussion
Acute renal failure requiring dialysis occurs in 1.5% of patients who have preoperative normal renal functions following open heart operations. However, AKD develops 16% -30% of patients with preoperative impaired renal functions. Preoperative low glomerular filtration rate was one of the main risk factor of AKD following cardiac surgery.
Therefore, this morbid and lethal condition remains a major problem in the cardiac surgery era. Clinical manifestations of postoperative renal failure is in a variety of settings with ranging from a minimal elevation in serum creatinine to anuric renal failure requiring renal replacement therapy. As a result, the implications of renal injury after cardiac surgery are very well-known to cardiac anesthesiologists and intensivists.
Our study results demonstrate that OPBH surgery in patients with preoperative mild renal disease who undergoing CABG surgery is associated with improved renal function compared with conventional on-pump technique. The present study also shows that COP technique is associated with high level of postoperative TNF-alpha and NT-Pro-BNP release which indicates peroperative inflammation. Therefore, our research shows that OPBH surgery can be more safe and feasible in these particular patients.
Independent risk predictors of postoperative kidney disease after cardiac surgery are age, preoperative renal dysfunction, poor left ventricle, and diabetes [6] [7] [8] . In addition, congestive heart failure [9] , urgent operation, prolonged CPB duration [10] [11], low cardiac output [12] peripheral vascular disease [11] , chronic obstructive lung disease [12] , valvular heart disease, and previous cardiac surgery are another independent risk factors.
Postoperative kidney disease is a strongly independent mortality factor after CABG Extracorporeal circulation has several adverse effects on renal functions due to non-pulsatile flow properties [35] . The effect of free hemoglobin released as a result of haemolysis [36] . In fact, afferent arteriolar vasoconstriction has a major impact on the pathophysiology of acute renal insult [36] . Strategies of CPB technique in CABG patients with preoperative renal disease may provide renoprotection after surgery. Many of pharmacologic strategies such as N-achethyl systeine use, dopamine infusion, to avoid ACE inhibitor or diuretic use, have been suggested to increament renal blood flow, and decreased renal vascular resistance. Unfortunately, inhibition of sodium reabsorption and increasing tubular solute flow with diuretics have not been consistently shown to be renoprotective during the cardiac surgical patients [37] . Recently, Bove et collegues used fenoldopam mesylate as a selective dopamine-1 receptor agonist to reduce the risk of acute renal failure after cardiac surgery in high-risk patients compared with dopamine in a prospective randomized trial [38] . However, they showed that the drug use was not appropriate to inhibit renal disfunction in theirs patients.
Therefore, we researched the effects of two different techniques on renal outcomes in our patients with moderate renal impairement.
There are no definitive evidence from the available publications demonstrates that during cardiac surgery may protect the renal functions. The criteria used to diagnose acute renal damage varied in many of the previous studies inwhich suffered from unsatisfied methods. Recent methods of detecting renal damage such as the use of specific biomarkers and the best criteria for identifying renal damage [RIFLE (risk, injury, failure, loss of kidney function and end-stage renal failure)] or AKI may have to be explored further to determine any possible benefit derived from interventions used to protect the renal functions during the perioperative period.
Study Limitations
The present study has some limitations, including non-randomised design and relatively small sample size. However, our population contained propensity-matched, homogeneous patients undergoing surgery using two different techniques. Therefore, other factors interacting with the frequency of postoperative complications due to differences in surgical technique or patient demographics were excluded.
Conclusion
Our prospective study showed that the renal beneficial effects of OPBH technique in CABG surgery in well-hydrated patients with preoperative impaired renal function.
Our clinical practice demonstrated that OPBH may be considered in these high-risk patients. However, in our opinion, further prospective, randomized studies are required.
